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When m = o, the ordinates with m as a part of their 
subscript are omitted in all but the first term. 

Example. —Suppose the base line be divided into 
six equal intervals (h = -g), and the value of the 
ordinates be 

y',-0 y 2 = 0-5527708 

y3 = °-74535 6 ° y 4 =0-8660254 

3/5=0-9428090 3/5=0-9860133 

3 * 7=1 

As seven ordinates are given, we may use any one 
of the rules (6), (3) which is adapted to 4 + 3™ 
ordinates, and (2) which can be used when 3+2J?! 
ordinates are employed. We should expect to get a 
more accurate result when the higher-order formula 
is employed, and this we shall find to be correct. 
The values given refer to the quadrant of a circle, 
so that the true value is jr/4, or 0-78539816 . . . 

By method (6), putting' m— o, the result is 0-7791866, 
i.e. 0-7972 per cent, too small. 

By method (3) the result is 0-7758061, or 1-342 per 
cent, too small. 

By method (2) the result is 0-777531, or 1-063 P er 
cent, too small. 

This result is curious, and shows that a small arc 
of a circle approaches more nearly to a small arc of 
a parabola than to a small arc of any cubic curve, 
but it will be noted that method (6) gives a much 
more accurate result. 

We may, however, use a combination of the above 
rules; for instance, we may take five ordinates by 
rule (4) and the remaining two intervals by rule (2). 
As the first three ordinates increase more rapidly than 
the last three, we should naturally leave the last 
three to be dealt with by rule (2). In this way a 
result of 0-7784954, or a defect of 0-0069027, or an 
error of only 0-88667 per cent, is obtained. Had we 
reversed the order and used Simpson’s rule for the 
first two intervals, the defect would have been 
0-0078447, or an error of 1-0102 per cent. 

In conclusion, it may be stated that if the nature 
of the curve is unknown a more accurate result will 
always be obtained by using the highest-order formula 
that can be used with the given number of ordinates. 
If two different formulae are used, it has just been 
shown that the most accurate result is obtained when 
the higher-order formula is used for that part of the 
curve in which the variation of the ordinates is the 
greater. If the curve be a parabola, an absolutely 
accurate result is obtained by using only three 
ordinates bv means of method (2). 

It may be thought that plotting the curve and 
estimating its area mechanically by means of a plani- 
meter will be always the best and speediest method to 
adopt, but this is by no means the case. It often 
takes far less time to calculate, say, thirteen ordinates 
and to use method (6) than to trace the curve. 

A. S. Percival. 

Westward, Newcastle-upon-Tvne. 


Art Electronic Theory of Isomerism. 

The interesting suggestions made by Mr. W. E. 
Garner in Nature for February 19 with regard to a 
possible explanation of the isomerism of certain 
organic compounds may be examined from a different, 
but perhaps simpler, point of view by employing the 
“ring electron ” or “magneton ” of Mr. A. L. Parson, 
The electron is looked upon as a circular anchor ring 
of negative electricity rotating about its axis at a 
high speed, and therefore behaving like a small 
magnet. In connection with atomic and molecular 
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numbers I have directed attention elsewhere to the 
“rule of eight,” according to which a difference of 
8 or a multiple of 8 is frequently found between the 
numbers of the unit electric charges associated with 
analogous atoms or molecules. In the theory of the 
“ cubical atom ” put forward by Prof. Gilbert N. Lewis 
and developed by Dr. Irving Langmuir, one of the 
most stable configurations for the atomic shell is 
that in which eight electrons are held at the corners 
of a cube. The single bond commonly used in 
graphical formulae involves two electrons held in 
common by two atoms (Fig. 1); the double bond 
implies that four electrons are held conjointly by two 
atoms (Fig. 2) Or if the pair of electrons be regarded 
as the most stable grouping of all, it may be, as 
I.ewis and Langmuir suggest, that the pairs of elec¬ 
trons held in common bv two atoms are drawn closer 



together by the magnetic attraction between them. 
Dextro- and lasvo-rotatory forms of a compound might 
then be represented as mirror images as in Fig. 3. 
The letters N and S in this diagram may be taken 
to represent the polarity of the external face of the 
ring electron. 

Mr. Garner suggests the possibility of the existence 
of a large number of optical isomerides amongst 
organic compounds, but the view here put forward 
does not lead to that conclusion; on the contrary, it 
seems to give exactly the same number of isomerides 
as the ordinary structural formulae. It is true that 
it is possible to reverse in the diagram the magnetic 
polarity of one or more pairs of electrons, but even 
if the arrangements so obtained were stable, it is 
doubtful whether they would represent different iso¬ 
merides. It would not be possible to explain the 
phenomenon of free mobility about a single bond 
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which is assumed in stereo-chemistry if such a 
reversal of the magnetic axis were accompanied by 
a change in the nature of the compound. Such modi¬ 
fications, however, might conceivably account for muta- 
rotation. It was thought that in the case of a double 
bond, such as exists in cinnamic acid, it might be 
possible to have a larger number of isomerides than 
would be given by the ordinary theory, but a close 
examination of the structural formulae based on the 
cubical atom has shown that (subject to the limitation 
already referred to) this is not so. 

The view here suggested appears to afford ap. 
adequate basis for a theory of optical activity. Such 
activity arises from a difference effect, and can be 
manifested only when there is lack of compensation 
amongst the electrons associated with the various 
parts of the molecule. If the chemical bond is to be 
attributed to a -pair of electrons, it is easy to under¬ 
stand how such compensation can be brought about 
in the great majority of chemical compounds. In the 
case of a single asymmetric carbon atom, the sym¬ 
metrical arrangement of each of the four electron 
pairs is disturbed by the presence of the adjacent 
groups, resulting in only partial compensation. Thus 
in the compound C abed, the pair of electrons asso¬ 
ciated with group a is under the influence of the 
unlike groups c and d, and, therefore, cannot be sym¬ 
metrical. But if c and d are made alike, the whole 
molecule will have a plane of symmetry indicated by 
the broken line in the left half of Fig. 3. Thus the 
molecule will be inactive through “ internal com¬ 
pensation ” with respect to the electrons which form 
the outer shell of the carbon atom. I may add that 
the ring electron, constrained to move backwards and 
forwards along its linear axis, is admirably adapted to 
replace the ordinary electron moving backwards and 
forwards along a spiral path postulated in Drude’s 
theory of rotatory liquids. 

It may be permissible in this connection to 
emphasise the remarkable success that has attended 
Langmuir’s development of the “octet” theory, bv 
means of which it is possible to predicate the physical 
and chemical qualities of a substance, and even its 
crystalline structure. Langmuir states that the theory 
seems to explain all the cases of stereo-isomerism with 
which he is familiar. “ For example, in the amine 
oxides, N R,R.R s O, nitrogen is quadricovalent, so 
that these substances exist as optical isomers, just as 
in the case of a carbon atom attached to four different 
groups.” Such a compound is, in fact, represented 
by the diagram already given. H. S. Allen. 

The University, Edinburgh, March 2. 


The Principle of Equivalence and the Notion of Force. 

I shall be grateful to be permitted to make an 
inquiry in connection with the principle of equivalence 
through the medium of the columns of Nature. 

In the recent forms of the theory of relativity it 
has been asserted that in the neighbourhood of 
matter we may alternatively conceive the existence 
either of a field of gravitational force or of a dis¬ 
tortion in the space-time continuum, the two con¬ 
ceptions being equivalent, The point then arises, 
however, as to whether, in arranging the body of ideas 
and propositions constituting physical science in logical 
sequence, the idea of force (at any rate, “ force ” in 
the sense of “action at a distance”) or that of dis¬ 
torted space-time should be regarded as logically prior. 
The possibility of adopting the idea of distorted space- 
time as prior, and hence of finally dispensing with the 
notion of force from the physical scheme, evidently 
depends on a further generalisation of the principle 
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of equivalence. For a difficulty seems to arise in 
connection with other forms of action at a distance, 
such as the forces in a magnetic or an electrostatic 
field. Apparently we cannot regard these as equivalent 
to a space-time distortion, for they lack the uni¬ 
versality of gravitation, seeing that only bodies of 
specific types of material are deflected by them. 

I should therefore like to ask two questions: 

(1) Is it possible to extend the principle of equi¬ 
valence in any way so as to include all forms of 
action at a distance? 

(2) If not, is there anything gainqd, even from a 

purely logical point of view, by discarding the notion 
of gravitational force while we are still unable to 
discard by the same method the notion of certain 
other forces which in many respects exhibit a close 
analogy to gravitation ? C. A. Richardson. 

4 The Crescent, St. Bees, Cumberland, 

March 1. 


Expenses of Scientific Work. 

A joint committee of the British Association of 
Chemists, the Institute of Chemistry, and the National 
Union of Scientific Workers is putting forward the 
claim that the following expenses should be allowed 
as a charge against income in arriving at the assess¬ 
ment of those who earn their living either by purely 
scientific pursuits or by the application of science to 
industry :— 

(1) Subscriptions to scientific and technical societies 
and libraries, and to scientific and technical periodicals. 

(2) Purchase and renewal of scientific and technical 
books, instruments, apparatus, chemicals, and other 
materials. 

(3) Rent and expenses of study or laboratory. 

(4) Travelling and other expenses incurred in attend¬ 
ing scientific meetings. 

(5) Provision of special clothing for work and re¬ 
newal of clothes damaged in the course of employ¬ 
ment. 

(6) Other expenses incurred in the course of 
research. 

A form of memorial to be presented to the Lords of 
the Treasury is being sent to all bodies representative 
of scientific workers for their consideration and sup¬ 
port. 

Some claims for abatements under the above head¬ 
ings have already been made by individuals with 
varying success. I should be grateful for any informa¬ 
tion available in support of the petition. 

A. G. Church, 

Secretary. 

National LTnion of Scientific Workers, 

19 Tothill Street, Westminster, 

London, S.W.t, March 15. 


Scientific Reunions at the Natural History Museum. 

1 write to correct a small error that has crept into 
the note on the meeting of the International Council 
for the Exploration of the Sea which appeared in 
Nature for March it. When the members of that 
council visited the Natural History Museum on 
March 2 they were entertained, not by the Trustees, 
but by the Staff Association, the occasion being a 
scientific reunion, as was, indeed, stated in a later 
note in the same issue. I may add'that these reunions 
are held with the approval and permission of the 
Trustees. G. F. Herbert Smith, 

Hon. Secretary. 

Natural History Museum Staff Association. 
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